The ideas of Thomas Kuhn in relation to medical advances in the sixteenth and seventeenth centuries C E Quin MD FRCP J R Soc Med 1997;90: [225] [226] [227] [228] June 1996 saw the death of Professor T S Kuhn, an influential commentator on the history of science. Kuhn maintained that normally scientists think and work within an intellectual framework namely, a paradigm and their research is directed to solving puzzles that serve to clarify and extend the application of the paradigm. Occasionally, in the course of the puzzle-solving that he called 'normal' science, facts incompatible with the framework emerge and as they increase in number a 'crisis' develops. The crisis results in extraordinary investigations being undertaken and these lead to a new paradigm. This is a scientific revolution as described by Kuhnl. I fell to wondering how far these ideas apply to medicine as it progressed in the sixteenth and seventeenth centuries.
Kuhn refers to the Copernican revolutions in astronomy and in other sciences in the sixteenth century and later, but there is no mention of the advances in medicine. Where he does refer to medicine it is to include it with crafts such as calendar making and metallurgy. In a later work, however, he acknowledges that anatomy and physiology were highly developed sciences in antiquity and he considers that this development fulfilled a social function namely, the requirements of medicine just as astronomy provided data for horoscopy2. Historians of science have not always confined their attention to anatomy and physiology as examples of medical contributions to science in antiquity. Sambursky has emphasized the importance of the Hippocratic school as a model for the advancement of science and he points out that the physician's clinical observations, his attempts to find a cause for a disease in the environment and predict the course it is likely to follow, are essential features in the scientific approach with its emphasis on cause and effect3.
In the opinion of Rupert Hall, most historians do not think that a scientific revolution in the biomedical sciences comparable with that described by Kuhn in astronomy and physics occurred in the seventeenth century4. On the other hand Bernard Cohen in his book Revolutions in Science has no doubt that Harvey brought about a revolution in physiology5. L S King considers that Kuhn's term paradigm does not have any validity in medicine6. I think, however, that a case can be made out for the set of medical dogmas-31 Prince Edward's Road, Lewes, East Sussex BN7 1 BL, England namely, Galenism being regarded as a paradigm in harmony with the ideas of Kuhn. Although there were several schools of medicine in Galen's time his doctrines came to be accepted as the basis of medicine in the middle ages. I shall briefly outline the principal doctrines of Galen which constitute the paradigm and describe how they were challenged in the sixteenth and seventeenth centuries.
GALEN'S PHYSIOLOGY: NUTRITION
Galen made original contributions to medicine, particularly in anatomy and physiology, though many of his findings were erroneous. He gave a dominant place to the liver, which he regarded as the organ chiefly responsible for the formation of the blood and other humours and also the source of veins7. Nutrients absorbed from the gastrointestinal tract were transformed into humours in the portal vein and liver8. The four humours (blood, yellow bile, black bile and phlegm) and their relation to the four qualities (the hot, the cold, the moist and the dry) were first described in the Hippocratic treatise The Nature of Man9. Aristotle considered material things in the sublunar region to be composed of the four elements based on those of Empedocles and these were linked to qualities. Galen says that the four interacting qualities are responsible for the genesis and destruction of all things and that this was first recognized by Hippocrates though it was Aristotle who explained the matter fully8. The interchange of qualities which is important in Galen's description of digestion can give rise to alteration in the proportion of the four elements and humours. The humours are distributed to the periphery where they are used in the formation of tissues7. The humoral theory of disease implied an excess or deficiency of the qualities associated with the humours. Herbs and foodstuffs were thought to have certain qualities such as heating and cooling, and this guided the physician in a choice of remedies.
GALEN'S PHYSIOLOGY: RESPIRATION AND THE PNEUMA Erasistratus (c 280 BC) maintained that only air, pneuma, was present in the arteries, but Galen was convinced that they always contained blood as well as the vital pneuma and he wrote a treatise Whether Blood is Present in the Arteries giving his reasons for thinking so. He considered that pores existed between the bronchioles and the pulmonary veins which allowed the passage of air to the veins, but not blood in the reverse direction. The pneuma, which was formed from air by a process beginning in the lungs but completed in the heart and arteries, was essential for the vital activities in the tissues. He thought that a further change took place in this pneuma in the brain forming the psychic pneuma, the principle causing activity in the brain and nerves7. The heart was the source of the innate heat and another function of respiration was cooling of the heart to prevent excessive production of this heat. Respiration also facilitated dispersal via the pulmonary veins of unwanted residues from heat production10.
As Galen had no doubt that the arteries normally contained blood he had to provide an explanation for its presence, bearing in mind that the site of its formation was the liver. He considered that pores existed in the interventricular septum which permitted the passage of blood from the right to the left ventricle during diastole and thence into the aorta in systole8. He thought that the active movement of the heart was one of expansion and that a similar active movement of the arteries caused them to be filled. He also emphasized that the lungs required nutriment which was supplied by blood passing from the right ventricle through the pulmonary artery7. He did describe some pulmonary blood flow, though this seems to have been ignored in mediaeval times.
DECLINE OF GALENISM
Paracelsus (1493-1541) was one of the first to criticize Galen. He rejected the humoral theory of illness and supported the notion of specific causes for diseases, but he made no observations or experiments by which Galen's ideas could be refuted. There was much that was occult in his thinking, but he was influential because he favoured a chemical approach to medicine. His ideas caused much controversy and for a century after his death physicians were divided into those who used chemical remedies and Galenists who prescribed only herbal remedies.
EFFECT ON GALENIC DOCTRINES OF ADVANCES IN CHEMISTRY AND PHYSICS
Jan Baptist van Helmont (1577-1644), a Flemish physician, was influenced by Paracelsus. He did original work in chemistry, especially in the study of vapours, and he was the first to refer to them as gases. In physiology he thought in chemical terms and considered, for example, that the innate heat arose in the left ventricle of the heart as a result of fermentation. Franciscus Sylvius (1614-1672), working in the medical faculty of the University of Leyden, made chemical studies on digestive fluids and he explained their effects as due to fermentation. The concept of fermentation thus began to be used instead of the humoral doctrine as an explanation of physiological changes11.
Robert Boyle (1627-1691) and his assistant Robert Hooke (1635-1703) employed an air pump to demonstrate that air was necessary for both combustion and respiration. John Mayow (1643-1679), a physician in Oxford, showed that the same part of air was necessary for both these processes12. Another physician, Richard Lower, working in Oxford in 1669, showed that the dark colour of venous blood was changed to the bright red of arterial blood by contact with air in the lungs and that it was not dependent on the action of heat in the heart. He also provided evidence against the idea that the left ventricle was a special source of heat. The innate heat of Galen and Aristotle could be explained by a process akin to combustion and, moreover, it was not confined to the heart13. Sanctorius (1561-1636), working in Padua, did several physiological investigations including measurement of body temperature with a newly invented thermometer. He showed that the hot and the cold were not separate entities as Galen supposed, but could be expressed in terms of the degree to which fluid rose in a tube. Galileo distinguished between primary qualities based on size, shape, quantity and motion from secondary qualities such as colour, sound, touch, taste and smell. The secondary qualities (and these include the hot, the cold, the moist and the dry) he regarded as dependent on the senses and ultimately they were to be explained in terms of the primary qualities. These views, together with those of Sanctorius on temperature, undermined the Aristotelian elements and Galenic humours14.
PROGRESS IN ANATOMY
William Harvey (1578-1657) studied medicine in Cambridge and Padua. The influence on Harvey of the scientific work carried out in Padua must be emphasized. Andreas Vesalius (1514-1564), a professor at Padua, published his great work The Fabric of the Human Body in 1543 and in it he reported that he was unable to find the pores in the interventricular septum which Galen had described. Though Galen thought that blood passed through the lungs his teaching that blood was transmitted mainly through the interventricular septum to reach the aorta most impressed mediaeval physicians. Realdo Colombo (1516-1559) showed conclusively the importance of the pulmonary transit of blood. Harvey was deeply impressed by the observations of Fabricius D'Acquapendente, his teacher at Padua, on the valves of the veins and this was apparently the starting point of his interest in the movement of the blood in the body. In his work The Motion of the Heart and Blood in Animals he describes the observations and experiments which convinced him that the blood circulates in the animal body. He shows that Galen's view that active expansion of the heart and arteries is responsible for the movement of blood is incorrect and that the heart contracts causing blood to be expelled into the aorta from the left ventricle and into the pulmonary artery from the right ventricle. He argues that the structure of the four cardiac valves is such that blood can move in only one direction. Further he shows that the valves of the veins are so constructed that they only allow blood to pass toward the heart. He made calculations based on the amount of blood expelled from the left ventricle at each beat and concluded that the rate at which blood was transmitted through the heart was so great that the veins would soon be emptied unless blood was returned from the periphery and, moreover, one could not account for its continued presence by the amount that could be formed from the food ingested. It remained for Marcello Malpighi (1628-1694) to demonstrate the passage of blood from the arteries to the veins through capillaries.
THE GALENIC PARADIGM UNDERMINED
The doctrines of Galen seem to constitute a paradigm in harmony with the ideas of Kuhn. In the seventeenth century important parts of Galenism became doubtful or untenable, including the notion of the qualities, and with them the humours, and also the idea that blood flowed from the liver to the tissues in the veins. On the positive side was the demonstration that a constituent of air was responsible for both combustion and respiration and that heat production could be explained as a process akin to combustion which, moreover, was not confined to the heart. An alternative to the humoral doctrine was put forward in the concept of fermentation as a physiological process. Even Galen's therapeutic system was being questioned, for his herbal remedies and dietary advice were related to the qualities.
THE DECLINE IN GALENISM RELATED TO KUHN'S IDEAS
The defects in Galen's doctrines noted above could be regarded as 'anomalies' constituting a 'crisis' as defined by Kuhn. Such a crisis may lead to a scientific revolution characterized by replacement of a paradigm in whole or in part by an incompatible new one. In considering Galenism as a whole there does not seem to be a new paradigm in the seventeenth century covering all the anomalies and giving a clear alternative to Galen's humoral theory, therapeutics and pneumatism. Galen's views on the heart and blood vessels can, however, be regarded as a separate paradigm, this being in accordance with Kuhn's ideas1. Harvey's discovery of the circulation of the blood then provides a new paradigm completely replacing that of Galen in this limited field. There is no difficulty in agreeing with Bernard Cohen that Harvey's discovery brought a revolution in physiology. Galenism was, however, undermined as a whole and this produced new developments in medicine.
Scientists began to think in terms of atoms and corpuscles as seen in the ideas of Boyle; and the writings of Walter Charleton (1619-1707), a President of the Royal College of Physicians, illustrate this influence in medicine. The new interest shown by physicians in atomism contrasts with Galen's rejection of the atomism of Asclepiades. The Empiricists were also an important medical sect in Galen's time. Thomas Sydenham made advances in clinical medicine in the seventeenth century and for him experience at the bedside took priority over studies in the dissecting room; indeed he favoured an empiricist approach in medicine. Physicians such as van Helmont and Sylvius advocated chemical methods and this was an innovation, but the emphasis on atomism and empiricism was a return to earlier ideas. The philosopher Descartes (1596-1650) put forward a mechanistic physiology which was influential and as developed by Giovanni Borelli (1608-1679) and others has been given the name iatrophysics. Georg Stahl (1660-1734), who opposed these mechanistic views declaring that a vital force, the anima, was the basis of the difference between living and non-living matter, also had considerable influence in the seventeenth and eighteenth centuries. His support for a vital force linked him with Aristotle and Galen.
DISCUSSION
Although there is not a clear seventeenth century alternative paradigm to Galenism as a whole, Galen's respiratory and cardiovascular physiology can reasonably be regarded as a paradigm which can be examined in terms of Kuhn's ideas. The real challenge to the paradigm began with the anatomical studies of Vesalius, but Vesalius did not set out to find fault with Galen, indeed it is thought his work was stimulated by a publication in Latin of part of Galen's treatise On Anatomical Procedures. It is possible, therefore, to regard his studies as normal science. However, Harvey's doubts about Galen's doctrines are made clear in the introduction to his book The Motion of the Heart and Blood in Animals and his critical approach does not suggest puzzlesolving merely to clarify the Galenic paradigm. Galen's doctrines on the cardiovascular system are refuted and replaced by a new paradigm, a change so profound it can be held to be a revolution in physiology.
Kuhn emphasizes the difficulty experienced by members of an older generation in accepting a new paradigm as they interpret new observations in terms of the old one and it requires a 'Gestalt switch' for them to grasp the significance of the new ideas. Descartes agreed with Harvey that the blood circulated in the body, but he rejected the idea that the heart's action involved muscular contraction as he favoured an explanation which was more in conformity with his mechanistic physiology. Jean Riolan, who corresponded with Harvey, agreed that blood returned to the heart, but he said this occurred by anastomoses between visible arteries and veins and he still maintained that pores were present in the interventricular septum. These anastomoses as well as the septal pores, both part of Galen's physiology, were shown by Harvey to be absent. In his opinion Riolan, as dean of the very conservative College of Paris, was bound to support the doctrines of Galenls. Gweneth Whitteridge, who gives an excellent account of the reception of Harvey's discovery, considers that attachment to the ideas of Galen clouded the judgment of Riolan, and I think the same could be said of Caspar Hofman, a professor of medicine, who also expressed his doubts in a letter to Harvey16.
Kuhn would agree about these social and emotional factors contributing to the rejection of a new paradigm. However, he also alleges that there is often an inability to accept new ideas because supporters of rival paradigms see the alternatives only from the standpoint of their own paradigm (for they live in different worlds). Thus the alternatives are not measured by the same standards; they are 'incommensurable'. Moreover, there is no neutral ground on which appropriate tests may be conducted because data are interpreted as though rival paradigms were true. There is, thus, a failure of communication. O'Hear, however, has pointed out that Kuhn himself sometimes writes on rival paradigms as if there was, in fact, neutral ground, neither paradigm being assumed to be true. He also argues convincingly that the sensory apparatus we inherit provides common ground for communication between all of us as far as our survival is concerned and failure of communication is even less likely for scientists working in the same field17.
Harvey's observations and experiments provide ample evidence of the circulation of the blood and any doubts could be dispelled by repetition of his work. It seems difficult to support the notion that the doctrines of Galen and Harvey relating to the cardiovascular system are incommensurable. Perhaps the reasons I have given for the rejection of Harvey's new paradigm by Riolan, Hofman and in part by Descartes are sufficient without introducing the concept of incommensurability or the need for a 'Gestalt switch'. I conclude that, if the part of Galenism concerning the cardiovascular system is regarded as a paradigm, then a revolution in physiology can be seen to have occurred in accordance with Kuhn's ideas. However, the defects discovered in Galen's doctrines in the seventeenth century, if considered as a whole, did not lead immediately to a new paradigm; instead various paths were followed in the quest for a replacement. Seventeenth century medicine does not display a consistent pattern in harmony with Kuhn's ideas, and King's doubts about their relevance to medicine appear to be justified. The way in which Galenism was undermined is more readily interpreted as illustrating the importance of Sir Karl Popper's principle of falsification in the advancement of science.
